I apply latent semantic analysis to Federal Open Market Committee (FOMC) transcripts and minutes from 1976 to 2008 in order to analyze the FOMC's responses to calls for transparency. Using a newly constructed measure of the transparency of deliberations, I study two events that define markedly different periods of transparency over this 32-year period. First, the 1978 Humphrey-Hawkins Act increased the degree to which the FOMC used meeting minutes to convey the content of its meetings. Historical evidence suggests that this increased transparency reflected a response to the Act's requirement that the Fed provide greater detail in reporting with respect to its goals and objectives. Second, the 1993 decision to publish nearly verbatim transcripts also increased transparency. However, the cost was an increasing degree of conformity at each meeting, as evidenced by lower variance in content disagreement at the member level.
Introduction
The statements, minutes, and transcripts of the Federal Open Market Committee (FOMC) are some of the most closely studied and heavily scrutinized government documents. The subject of many academic studies, they provide one of the few windows into the decision making process of this influential institution. Perhaps more significant is the attention paid to these documents by financial market participants and their influence on participants' expectations-and, consequently, on the expectations of agents in the broader economy. Given the importance of the topics contained in these documents, it is not surprising that, over the years, both the public and the FOMC itself have favored greater transparency. The transparency considered here is concerned with document publication, which, in practice, can take two forms: the first is a matter of timing, the second is one of translation. Questions of timing ask which documents should be released, and when. Questions of translation consider the process of distilling detailed information into a concise summary; for example, which words and topics from FOMC meetings should be included in the meeting minutes? Despite the importance of these documents, topics of timing and, to an even lesser extent, translation have received little empirical attention.
My first goal here is to quantify procedural transparency at the FOMC over time. Geraats (2002) defines procedural transparency as the description of how monetary policy decisions are made, which is achieved in part through the publication of records of the deliberative process.
1 The focus of this paper is the extent to which the FOMC uses its meeting minutes-which are released shortly after each meeting-to communicate the content of its meetings-which is contained in transcripts that are not released until years after a meeting has taken place. 2 The first question I address is (i) how has transparency evolved over time?
Unlike previous studies that have declared the minutes of a central bank "transparent" if a researcher deems them informative and timely, this paper presents a measure of transparency that objectively quantifies how informative-in the sense of accurately conveying the content of the meetings (that is, transcripts)-the meeting minutes are. 3 This is the first such quantified measure of transparency and is constructed from documents to which both 1 See appendix A.5 for a discussion about this and other types of transparency. Unless otherwise noted, discussions of "transparency" in this paper refer to procedural transparency.
2 Currently, transcripts are released five to six years after a meeting has concluded; they were not released at all from 1976-1993. I assume here that the transcripts give the true account of meetings.
3 Most recently, Dincer and Eichengreen (2014) provide a binary measure of the transparency of minutes, elaborated upon in section 2. The measure here is not a binary variable (for example, 1 if a central bank's minutes are transparent, 0 otherwise) but a variable that can take any real value in the closed interval [0, 1] . This, in the words of Kedan and Stuart (2014) , addresses the "quality of minutes" and confronts the view that rapid and voluminous reporting of FOMC meetings is, ipso facto, more transparent-a view that ignores the fact that this reporting may be inaccurate or uninformative.
the public, and the FOMC itself, pay a great deal of attention: the meeting minutes and transcripts-the main vehicles through which the public can ascertain the content of FOMC meetings and the nature of the deliberations that underlie monetary policy decisions.
4
My second goal is to understand what causes the measure of transparency to change. Because the measure is constructed from the minutes and transcripts, these are the only two sources that can explain transparency changes.
5 For example, a call for transparency might result in minutes that, ceteris paribus, more accurately reflect the transcripts. On the other hand, the minutes may more closely resemble the transcripts because meeting discussions become shaped by participants' knowledge that they would be made public-an undesirable result if it lowers the overall quality of discussion. My analysis here is designed to answer the following questions:
(ii) what has caused the transparency measure to change and (iii) what effects has this had on the discussion in the Board Room.
To answer questions (i)-(iii), I
analyze the minutes and transcripts of FOMC meetings using latent semantic analysis (LSA), along with some other tools from natural language processing (NLP). LSA has proven to be useful in the NLP literature, principally because of its ability to reduce noise in a body of text-a feature that is desirable for this study.
6
Reducing noise in natural language allows for more accurate measurements of document similarities-these similarity measures form the basis of my quantification of transparency and conformity. In particular, to measure procedural transparency, the timeliness of the minutes and detail of the transcripts are exploited. The transcripts give the full account of FOMC meetings but are not released until five years have passed, while the minutes, released with a shorter lag, are a summary of the meetings. I measure procedural transparency by computing the "similarity" between the minutes and transcripts of each meeting using LSA; the idea is that a higher similarity indicates that the Fed is releasing more of the content of its meetings in the more timely minutes.
A key finding is that procedural transparency has generally been increasing since 1976. Additionally, I use the transparency measure to focus on two historical events demarcating notable changes in transparency. First, transparency increased sharply in 1979. Using LSA to compare the behavior of the minutes and transcripts at this time reveals that this was almost entirely a minutes-driven change, with no notable difference in the transcripts. Written evidence from the transcripts suggests that this change was in response to the Full Employment and Balanced Growth Act of 1978, known as the Humphrey-Hawkins Act, 4 Evidence provided in appendix A.5 confims that the FOMC has spent a considerable amount of time discussing topics related to procedural transparency, and the public pays attention to the publication of minutes and statements.
5 Again, I take transcript content to be synonymous with meeting discussion. 6 A feature of LSA not yet used in the economics literature.
which amended Section II of the Federal Reserve Act and mandated that the Fed report how its objectives and plans related to the "short-term [economic] goals" of the President and the Congress (Congress, 1978) . The lack of change in the transcripts suggests that the new guidelines, as well as the generally increased scrutiny given to the Federal Reserve, led the Fed to be more transparent in conveying the conversations that they were already having. In other words, the FOMC was already discussing objectives and plans consistent with its mandate and short-term Presidential and Congressional goals, so the only change it made was in conveying these to the public. As such, this appears to have been a successful attempt at increasing transparency at the Fed. The second change occurred in late 1993 and was also marked by an increase in transparency. From the beginning of the sample period until 1993, very few people knew that transcripts of FOMC meetings existed. In 1993, Congressional inquiries and Fed discussions revealed that the transcripts had indeed been kept, and at that point the Fed decided to publish the old transcripts with a five-year lag. Within 18 months, it also decided to publish new transcripts going forward, with the same lag. This shift from "closed" FOMC meetings to more public meetings has been studied extensively because of the natural experiment that it created. Specifically, this transition allows for a study of FOMC behavior, at the committee and member levels, under different levels of transparency. The analysis here suggests that this decision induced an increase in transparency that was partially driven by a changing transcript. Because the transcripts give detailed accounts of meetings, the move to more-public meetings caused the conversation in the Board Room to change.
While transparency did increase, the worry is that there could be some undesirable impact on the policy making process. For example, Meade and Stasavage (2008) cite the 1995 words of Kansas City Fed President Hoenig: "the tape has had some chilling effects on our discussions. I see a lot more people reading their statements." (pp. 704-705.) If increasing transparency caused a response like this, then the "success" of such an increase should certainly be called into question and remembered in the future when considering whether to increase procedural transparency at the Fed. My measure of transparency does not explain how the transcripts changed, but language analysis is still helpful in identifying possible answers. One possibility explored here, which has received attention in other studies, is whether the degree of conformity-an aspect of deliberation-changed once meetings were made more public. If so, this would support Hoenig's claim about the "chilling effects" of transparency. To study the degree of "chilling," a measure of conformity is constructed for each meeting using the statements of individual members.
7 The finding, similar to Meade and Stasavage (2008) , Woolley and Gardner (2009), and Hansen et al. (2014) , is that the 7 See section 4 for more detail.
1993 episode resulted in an increase in conformity within the Board Room. In addition, this drop was primarily the result of a decrease in the willingness to offer disagreeing views. The rest of this paper proceeds as follows. Section 2 reviews the literature in economics, political science and natural language processing that are similar to this paper in content and methodology. Next, section 3 describes the measure of transparency and its behavior over time, then goes on to describe the measure of minute and transcript content and their properties. Section 4 discusses conformity, and section 5 concludes.
Previous Studies and Theory
The literature on central bank transparency and communication started at the turn of the century, and many branches have since been pursued- Blinder et al. (2008) provide a thorough survey of this literature through 2008. The branch on which this paper grows concerns the measurement of transparency and has, most recently, been treated by Dincer and Eichengreen (2014) , with the first measurements arising in Eijffinger and Geraats (2006) . Hansen et al. (2014) use the term "transparency" to denote the period after 1993-another binary notion of transparency. The transparency that I study and measure in this paper, however, concerns transparency that (i) is timely and (ii) involves a degree of choice. The question I ask is when external principals express a desire for increased transparency at the Fed, how does the Fed respond? Short of real-time meetings, the minutes and statements are the only vehicles through which the FOMC can choose to be more or less transparent about their meetings in a manner that is meaningful to the public in real time-contrast this with the transparency in Hansen et al. (2014) in which, by the time five years have passed, 8 Dincer and Eichengreen (2014) also thoroughly discuss previous literature. 9 Taborda (2015) uses language analysis to give descriptive information about the central bank minutes of the central banks of Brazil, Chile, Colombia, Mexico, and Peru, under the premise of studying procedural transparency. Taborda's "interesting trends," however, should not be seen as giving a measure of procedural transparency.
"the main channel through which one expects transparency to operate . . . is career concerns rather than, for example, communication with financial markets to shift expectations about future policy." (pp. 5). The authors thus study the quality of deliberation in FOMC meetings and find results that are corroborated here-namely, that there was an increase in the conformity of views expressed after 1993.
10
The effect of the 1993 episode on deliberations has been measured in a number of other studies. Meade and Stasavage (2008) coded voiced agreement or disagreement with Greenspan's interest rate proposals in the pre-1993 ('89-'92) and post-1993 ('84-'97) transcripts and found that there was less voiced disapproval after 1993; this finding was predicted by their theoretical "model of deliberation in a committee, where members care both about reaching the correct decision and about convincing an outside audience that they have a high level of expertise" (pp. 196) .
11 Woolley and Gardner (2009) found similar results by constructing a measure of "deliberation"-the number of speakers per 100 words of transcript text-that is both highly correlated with the conformity index constructed here (ρ = 0.79) and shows a decrease on the order of 10% after 1993, consistent with the finding here (see figure 6 ). The comprehensive work of Schonhardt-Bailey (2013) studies several aspects of deliberation dynamics of the FOMC using Alceste, a language processing software, and, among other notable findings, concludes that "deliberation" decreased after 1993-noting, as do Woolley and Gardner (2009) , that the downward trend appears to have started shortly before 1993. Bholat et al. (2015) highlight the usefulness of and recent advances in text mining applications concerning central banks. Vector-space models of documents, such as the one presented here, have been applied extensively in finance, 12 and LSA's validity is well documented: see the seminal work by Deerwester et al. (1990) and Dumais et al. (1988) , as well as validations by Landauer et al. (1998) and Foltz et al. (1999) . At the intersection of the LSA, finance, and central bank communications literatures lie Boukus and Rosenberg (2006) and Hendry and Madeley (2009) , both of which find that the LSA "themes" present in the 10 In particular, there are two aspects of the career concerns literature (formalized in Holmström (1999) ) from which the authors draw their conclusions about the overall quality of deliberation: discipline and conformity.
What I don't consider here, and what leads Hansen et al. (2014) to their conclusions, is the question of discipline. (The authors make a strong case for using "themes"-derived from latent Dirichlet allocation-to study discipline.) The authors find evidence of increased discipline and thus conclude that the net effect of transparency is a more informed deliberative process. The conclusion of a "net effect" is determined using their eigenvalue centrality measure of influence.
11 Lähner (2015) updates and extends Meade and Stasavage (2008) . Chappell et al. (2005) also analyze the transcripts to find the interest rate preferences of FOMC members, using them to construct individual reaction functions during the tenures of Burns and (partially) Greenspan.
12 A small sample of such work includes Hoberg and Phillips (2010) , Hoberg (2010, 2012) , and work by Tim Loughran and Bill McDonald, notably, Loughran and McDonald (2011). minutes of the Fed and Bank of Canada, respectively, are significantly correlated with different market indicators.
13 However, because of the subjectivity involved in giving meaning to the high dimensional themes produced by LSA, I avoid such interpretations here. Instead, I rely on the proven strengths of LSA for dimension reduction and document comparison. To be clear, Boukus and Rosenberg (2006) and Hendry and Madeley (2009) are similar to the present paper only in that they apply LSA to central bank minutes-the goals of the papers are orthogonal.
Transparency
This section presents the measure of transparency and studies why, and how, it has changed over time. First, section 3.1 discusses how vector-space models of documents are used to construct the measure of transparency: the similarity between the minutes and transcripts at each meeting. Section 3.2 shows the results. Because the minute-transcript similarity does not identify the behavior of each of the documents-minutes or transcripts-individually, section 3.3 presents a way of assessing the behavior of these documents and gives the results.
Measurement: Comparing Documents using Latent Semantic
Analysis Document Comparisons in Vector-Space Models All of the measures constructed in this paper-procedural transparency, content changes, and conformity-rely critically on the ability to compare documents in a holistic and objective way. To illustrate the mechanics of this analysis, this section describes how documents are compared and presents the first application: the measurement of transparency.
Vector-space models of FOMC documents satisfy the goal of holistic and objective analysis. Here, a vector-space model of a single document is a vector whose entries are the number of times that each unique term occurs in that document. If there are multiple documents under consideration, then each document's (empty) vector has as many entries as there are unique terms in the entire body of documents; each entry corresponds to a unique word. The vector for a given document is then populated as follows: for any term occurring in that document, the corresponding entry in the vector is populated with that term's occurrence in that document. Often, the vectors are "preprocessed" in order to reduce semantic noise that arises from using word counts alone; the details of the preprocessing performed here are listed below. For the construction of the procedural transparency measure, the body of documents under consideration-the corpus-consists of all Memoranda of Discussion (MOD, an older version of the transcripts), Records of Policy Actions (ROPA, an older version of the minutes), and minutes and transcripts from meetings physically held in Washington, D.C., between 1967 and , where procedural information (voting records, attendance) is removed.
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The similarity of two document vectors, a and b, with m elements a i and b i , is
which is called the cosine similarity of a and b because it represents the cosine of the angle that lies between a and b.
15 From this definition, it is clear that two unrelated-orthogonaldocuments will have a cosine similarity of 0; this occurs if they share no words. If two documents are scalar multiples of each other, they will have a cosine similarity with absolute value 1. This measure of similarity is desirable, in part, because it is bounded above by 1, unlike a Euclidean distance.
16
The measure of procedural transparency, for each meeting, is the cosine similarity of that meeting's minutes and transcripts. I construct the variable MTsim, which consists of one observation for each FOMC meeting in the corpus described above. For meeting j, call the vector representing the minutes m j , and call the transcript vector t j . Each observation in the variable MTsim is given by
(2)
14 See appendix A.1 for a discussion of the various documents released by the FOMC since its inception. The 1967-1976 period is not considered part of the measure, though these documents are included initially as a check of the methodology. Additionally, for the modern-day minutes (1993-present) , all words prior to the paragraph that typically begins with "The information reviewed at the x meeting. . . " (now labeled "Staff Review of the Economic Situation") is removed in order to make these documents look like the ROPA. This also keeps the content of the minutes looking relatively similar over the year, since the first meeting of each year contains discussions of procedural matters (see Meade et al. (2015) for more information on the content of the mintues).
15 An elementary proof shows that this is equivalent to the cosine in R 2 . For R ≥2 , Equation (1) is the primary definition of cosine. Note also that the cosine similarity is nearly equivalent to the correlation coefficient if the vectors have been demeaned. 16 Controlling for the length of each document allows for a comparison of documents of any length; thus, it is possible to compare one word or phrase to an entire document to see how well that word captures the meaning of the document, as will be shown in figure 11 . 17 The j index is meant to index time, but the letter j is used, instead of t, to remind the reader that each "document" is the j th column in C, described below.
This variable gives a measure for the extent to which the meeting minutes reflect what was said at the meeting-a measure of informativeness or "quality," in the words of Kedan and Stuart (2014) . This is precisely the aspect of procedural transparency considered here.
Document Preprocessing and Latent Semantic Analysis As mentioned above, documents (and their vectors) are often preprocessed in order to reduce the semantic noise present in natural language. The goal is to manipulate the document vectors such that cosine similarities between them are closer to what an all-reading human being would compute. The preprocessing performed here, and the parameters chosen, are standard fare in the NLP literature and are meant to improve the accuracy of cosine similarities.
18 Unless otherwise noted, all of the cosine similarities in this paper are computed using document vectors that have been preprocessed as described in the following paragraphs. First, terms in a "stoplist" are excluded. As is customary, this list contains "common" words that contribute little meaning to the documents, since they are used so often. The excluded words, listed in appendix A.4, are predominantly prepositions, conjunctions, and pronouns. Also excluded are FOMC member last names, months, and Federal Reserve District numbers (first through twelfth). Numbers are also removed.
19 Additionally, words must contain at least three characters, and fewer than 15. The lower bound should catch any relatively common words not caught by the stop list and any small typographical errors.
Similarly, the upper bound should catch some typographical errors or errors in the OCR processing of the original files, such as a conjoining of words-for example, federalreservesystem. 20 Next, terms are "stemmed" to their root. For example, the terms different, differ, and differing would all be reduced to differ. 21 After that, I use the inverse document frequency to weigh terms globally. This is another tool to minimize, but not eliminate, the weight given to terms that are used too frequently to add much insight into a document's meaning, primarily because they are used frequently in all documents (for example, monetary, policy, etc.). The first step is to calculate the number of documents in which a term t occurs-also called its document frequency, DF t . The inverse document frequency for term t, in a corpus of n documents, is given by IDF t = log n DFt , thus yielding a lower weight for terms that appear in many documents. Scaling the word counts for t-also called the term frequencies, 18 The preprocessing, even without LSA, can also stand alone; Hoberg and Phillips (2010) and Hoberg (2010, 2012 ) select a few of these adjustments and then calculate cosine similarities off of these adjusted document vectors.
19 The stoplist here also corrects for a few typographical errors in the spelling of member names in the transcripts.
20 Optical character recognition; many of the files were originally in PDF format. 21 The tradeoffs here are obvious, but its widespread use in the NLP and LSA literature gives hope that the benefits outweigh the costs. The unconvinced reader might consider the fact that without stemming, the two-word documents [I play] and [she played ] would have a cosine similarity of 0.
T F t -by IDF t yields the commonly used T F − IDF weighting scheme that is employed here.
Next, I run the documents through latent semantic analysis, a method first introduced as a way of matching user queries to text results.
22 As Deerwester et al. (1990) explain, word choice is, to a certain extent, random, so there exists a great deal of noise when using words or word-counts alone to capture meaning. Theoretically, however, there is an underlying "latent," or hidden, semantic structure to which any text can be mapped. 23 However, to the extent that language is used to convey an idea in some underlying semantic space, randomness is introduced.
Creating a low-rank approximation of the document vectors is the defining feature of LSA-this reduces the noise alluded to in the previous paragraph. In practice, the first step is to horizontally append the document vectors to form a term-document matrix, C, then compute the singular value decomposition (SVD) of that matrix, given by C = U ΣV T . The k-rank approximation of C is computed by zeroing out all but the k largest singular values in the diagonal singular-value matrix Σ to get Σ k , so that the low-rank approximation of
The elements in C k are said to be the word counts in the latent semantic, or lower (k) dimension, space. Here, k is set to 200. Figure 1 plots the singular values-the elements σ i ∈ Σ-from the singular value decomposition of the matrix associated with the minutes and transcripts since the beginning of the sample, 1967. The 200 dimensions retained account for 64% of the variance, 25 and each of the other 580 dimensions account for less than 1 /10 percent of the variance. See appendix A.3 for more discussion on the choice of k.
22 LSA is particularly concerned with overcoming the problems of polysemy and synonymy. Polysemy occurs when one word can describe many concepts. For example, polysemy would lead the documents [I read a book.] and [I'll book a hotel.] to look more (cosine) similar than an English-speaking human might think. Next, synonymy occurs when any concept can be expressed using many different words. The document [I'll make lodging arrangements.] and the hotel document from above would look (cosine) dissimilar, despite conveying the same idea.
23 To continue in the language of functions, the functions from language to ideas, f 1 , and from ideas to language, f 2 , are both non-injective (and, hence, have no inverse). The domain of the first function f 1 , from language to ideas, is an infinite set of possible expressions, and the range is the infinite set of "ideas." The other function f 2 has these flipped. The randomness arises from the non-injectivity of the functions; a speaker can express a single idea any multitude of ways (f 1 : synonymy), and many ideas can be expressed by a single expression (f 2 : polysemy).
24 As shown by Eckart and Young (1936) , this approximation minimizes the Frobenius Norm, C − C k F .
The Frobenius norm of an m × n matrix X, with elements x ij , is given by
n j=1 x 2 ij . 25 One can describe the "percent of variation explained" by the first s singular values by computing 
How has Transparency Changed?
This section presents a new measure of the component of Geraats's (2002) procedural transparency that concerns central bank accounts of policy deliberations. Specifically, the measure assesses the extent to which the FOMC reveals the content of its meetings to the public via summary documents like the minutes. As opposed to previously mentioned measures that group informativeness and timeliness of central bank minutes into a single binary variable, the measure here focuses on the informativeness, or quality, of the minutes. The measure can take any real value in the closed interval [−1, 1] and involves no subjectivity in its measurement. 26 Evidence provided in appendix A.5 supports the notion that FOMC communications-especially the minutes, statements, and transcripts-receive ample attention from the public and Committee and are a crucial aspect of FOMC transparency more broadly. Furthermore, the analysis below is useful in determining whether perceived transparency increases-those that are easy to see, such as more rapid document releasesactually reflect increased informativeness, an assumption that prior research has made in stating that these more conspicuous changes reflect, ipso facto, a more transparent Fed. Finally, understanding changes in the Fed's behavior in response to increased procedural transparency is crucial when crafting policy aimed at increasing transparency. A look at the time series of the similarity between FOMC minutes and transcripts in figure 2 reveals two obviously distinct phases of this similarity since 1967. : 1967-1976 The first time period, from 1967 to 1976, reflects the time when the FOMC published the heavily edited MOD and ROPA, referred to here as the transcripts and minutes, respectively. 27 The noticeable drop in minute-transcript similarity at the end of this period reflects the change from the MOD to a true transcript. The preparation of the MOD and ROPA was the responsibility of the FOMC secretary; Arthur Broida was the sitting secretary at the time of the transition, negating the fear that this similarity drop occurred because of a change in the leadership of the writing staff. Woolley (1986) aptly describes the editing process:
The Memorandum of Discussion
Editorial revisions were made in preparing the [MODs]-which took place in the days immediately following each meeting-and they may not always be regarded as minor. One former governor described this as "toning down" words and making debates sound less emotional. A further and equally important part of the editorial process consisted of giving more coherence to the statements of some [members] than had actually been true in debate.
[A] former governor reported going to [Broida] to congratulate him on his editorial skill: "I didn't say that, but that's what I meant!" (Woolley, 1986, pp. 196) It is not surprising, then, that this period exhibited exceptionally high similarity between the two documents; they were both highly edited documents, prepared by the staff of a single office in the Fed. Unfortunately, however, because the MOD was not truly a transcript, it is of less use in the present study since it, like the minutes, is a "prepared" document, rather than a "raw" one like the transcripts. 
where Post93 and PreHH are indicator variables for post-1993 (discussed later) and pre-1979 meetings, respectively. Additionally, I estimate a few other specifications in which the variables in X are changed. In particular, there is a trend variable t; one-quarter-ahead Greenbook forecasts for GDP, unemployment, and GDP-deflator inflation; and indicators for the sitting Chair and Secretary. 29 Because the FOMC secretary is less well known, table 2 lists the secretaries over time. FOMC forecasts for macroeconomic variables from the Fed's Greenbook are used in lieu of realized values because these best reflect the knowledge available to the FOMC concerning forecasts for economic indicators. Because the primary focus of this paper is understanding why the members and FOMC behave a certain way, Standard errors in parentheses The row X t indicates the other variables included in the regression: C and S are indicators for the Chair and Secretary, respectively; M stands for macroeconomic Greenbook forecasts; T is t for each meeting.
The dependent variable (a cosine similarity) has been multiplied by 100 so that it lies between −100 and 100.
it is best to use the economic information available to them (or, at a minimum, that the Board staff has suggested to them). 30 The most important coefficients here are θ 1 and θ 2 , the dummies on post-1993 and pre-1979, respectively. In particular, under each specification, the effect of the Humphrey-Hawkins Act was at least 16 cosine-similarity points. The evidence confirms that the minutes and transcripts became more similar after 1979-that is, transparency increased.
31
The second discontinuity in the post-MOD era occurs in roughly 1993. The policy change in 1993 has been exploited as a natural experiment in many studies of both the FOMC and deliberative policy making in general. In this year, the Fed agreed to make public, in response to congressional pressure, that tape recordings had been kept of its 30 As mentioned in Romer and Romer (2008) , a significant portion of each meeting, the "economic goround," is devoted to discussing forecasts and current economic conditions. (Note that Romer and Romer (2008) discuss the member-level forecasts that precede the Fed's biannual testimony before Congress, not the Greenbook forecasts, but the important notion is that these forecasts are relevant to FOMC proceedings.) Furthermore, each member has access to the Fed staff's forecasts before the meetings; thus, within a certain margin of error, the forecasts are informative of what the participants believe to be the economic outlook.
31 The coefficients are smaller in magnitude but of the same sign (for all but θ 1 in (1)) when both a seven-meeting centered moving average and the measure resulting from un-preprocessed documents are used (sepearately) as the dependent variables. R 2 values are also high under these alternate specifications. For any change in minute-transcript similarity, a natural step is to also study the underlying structure of the minutes and transcripts to determine in which of these documents (minutes or transcripts) the change occurred. Even at a very high level, analyzing content changes helps build an understanding of the procedural transparency measure. 32 This type of high-level analysis is carried out here by comparing all documents of a document type (for example, all transcripts) to a single document. 33 The choice of this document is, to an extent, arbitrary, 32 Focusing on the exact content of meetings, or the topics of discussion of each meeting, would certainly be an informative endeavor and would involve looking more closely at the particular elements in U and V from the SVD. The work of Boukus and Rosenberg (2006) did precisely this; they examined the prevalence of particular "themes" over time in FOMC minutes. However, the scope of this research calls only for observing changes in minutes and transcripts over time at a very high level. Note that "themes" are evaluated by looking at the columns of the U matrix from the SVD; each element in the column tells how much each term contributes to that theme. The columns of V give the theme contributions to each document. 33 The rest of this discussion describes summary transcripts, although the discussion for minutes is analogous.
and appendix A.6 provides robustness checks to account for this. Here, for the transcripts, I use a summary transcript-which is a concatenation of all transcripts-as the comparison document.
34 This is a terrible summary in terms of length, but the perfect summary in terms of capturing all of the content of all of the transcripts. The variables of interest when studying the content of transcripts and minutes are given by
TSTsim j = sim(t j , s t ) and
respectively, where t j is the vector representation of the transcript from the j th meeting, figure 3 show the cosine similarities of the minutes and transcripts with the summary minutes and transcripts, respectively. The general pattern of an upside-down parabola exhibited in these graphs is to be expected-the comparison point, the summary document, is an average of all meetings from 1976 to 2008, so it is not surprising that the documents in the middle of the period exhibit the highest similarities. Panels [C] and [D] show the values of sim(t j , t j−1 ) and sim(m j , m j−1 )-that is, the cosine similarity of the transcripts and minutes with those of the previous meeting-respectively. These final two measures will show any big shifts in document content from meeting to meeting, as well as any anomalous minutes or transcripts. , negating the fear that this large change in minute content was caused by a change in leadership. There was also 34 Formally, for transcripts with vector representations given by t 1 , t 2 , . . . , t n , the summary document has vector representation s t = 1 n (t 1 + · · · + t n ). 35 These measures also portray the amount of linguistic persistence present in these documents-from meeting to meeting, documents remain remarkably similar; this is especially true of the minutes. In forthcoming work with Ellen Meade, we find persistence in FOMC statements to be of a similar magnitude, with a dramatic increase occurring since the 2008 financial crisis. no official policy made concerning the minutes, or at least not one that was made public.
In the absence of any other information, it seems reasonable to conclude that this difference in minute content is the result of the "Humphrey-Hawkins process," as it was called by Chairman Miller. Taken in conjunction with the lack of any noticeable difference in the content of the transcripts, it seems that the effect of the law was not to cause the discussion to change within the Board Room, but, rather, to change the way that the FOMC reported its proceedings to the public. Recall that, at the time, the minutes (ROPA) were thought to be the only records of FOMC proceedings, which helps ensure that the transcript content was not purposefully manipulated in response to the Act annual reports to congressional committees (Congress, 1977) . The Humphrey-Hawkins Act emphasized certain points that were to be reported to Congress semiannually (2) and added a new "objective" to be met by the Fed; it states that the Fed should report:
(2) the objectives and plans of the [Board and FOMC] with respect to the ranges of growth or diminution of the monetary and credit aggregates for the calendar year during which the report is transmitted, taking account of past and prospective developments in employment, unemployment, production, investment, real income, productivity, international trade and payments, and prices; and (3) 
where the independent variables are the same as in Equation (3), with the addition of t 2 to control for the "hump shape" present in the minute-summary minute comparisons. Again, the similarity measures are scaled by 100. Regressions (1) and (2) study minute similarity over time with MSMsim as the dependent variable, while (3) and (4) use TSTsim for studying transcript changes. Before discussing the Humphrey-Hawkins effects, however, there is one result to be noted about the estimations. The only significant Chair dummy variables are in the transcript regression (3), and the secretary coefficients are larger in magnitude than the Chair maintain long run growth of the monetary and credit aggregates commensurate with the economy's long run potential to increase production, so as to promote effectively the goals of maximum employment, stable prices and moderate long-term interest rates." Standard errors in parentheses The row X t indicates the other variables included in the regression: S represents indicators for the Secretary; M stands for macroeconomic Greenbook forecasts; T is t and t 2 for each meeting.
The dependent variables have been multiplied by 100 so that it lies between −100 and 100. * p < 0.05, * * p < 0.01, * * * p < 0.001 coefficients in the minutes regression (1) (although none of the Chair or secretary variables are statistically significant in the minutes regressions). This suggests that, as expected, the Chair has a role in the discussion in the Board Room and the secretary might have some impact on the content of the minutes. It is reassuring to see that this type of relationship was picked up using LSA and this equation specification. Finally, the coefficients on the Chairs are large, suggesting a significant role of the Chair in determining Board Room discussion. Turning back to the Humphrey-Hawkins effect, regressions (1) and (2) confirm that the minutes changed as a result of Humphrey-Hawkins. On the other hand, the effect on the transcripts is small and statistically insignificant. Taken together with the evidence from the lagged minute and lagged transcript similarities, the regression results give more evidence that the effect of Humphrey-Hawkins was to increase transparency through better reporting via the minutes.
1993: Transcript Release
The transparency increase of 1993 implied different behavior-than the 1979 episode-of the minutes and transcripts. Figure 3 suggests that the change this time was in the transcripts, ), the minutes essentially continued along the expected hump shape, while the transcripts experienced a level decrease in similarity from the summary transcript. The simple regressions, again in table 3, help to verify this difference. The coefficient of interest, θ 1 , in these regressions is the one associated with the dummy variable Post93, which indicates whether an observation is before or after the November 1993 meeting. This date is used not only because it is the date at which old transcripts were released, but because it was a time when significant attention was paid to the potential publication of the transcripts-presumably, this was a time when changes in behavior would start to be seen, if they were to be seen at all. While it took until 1995 for the decision to be made about current transcripts, the November 1993 decision suggested that a new path was being paved toward greater procedural transparency-a path that was decided in 1995. The coefficient θ 1 on the Post93 dummy in the second transcript regression (4) is both higher (in absolute terms) and more statistically signifcant than the corresponding θ 1 in the minute regression (2). Thus, the effect of the 1993 call for transparency was to decrease the similarity of the transcripts with the summary document; in other words, there was a change in content. This change of about 4.5 cosine similarity points is smaller than the 1979 minutes change, but is still notable.
Additionally, panels [C] and [D] in figure 3 show that both the minutes and transcripts of the November 1993 meeting were significantly different from those of the prior meeting. Relative to the average of these lagged similarity values over the previous eight meetings, the transcript value for November represented a 48% decrease, while the corresponding value for the minutes was 46%. Taken as a whole, the evidence here suggests that there was, indeed, an increase in procedural transparency in 1993 that was caused by some change in the content of the transcripts. Only with this result established is it appropriate to ask questions about what may have changed about the transcripts at this time. As an application of the results discussed here, section 4 attempts to answer this question.
Conformity
The decision to publish FOMC transcripts, it has been shown, increased the level of transparency used in this analysis (MTsim). However, a serious worry is that instead of FOMC members being more open about the content of their discussions as in the 1979 episode, they opted to alter what they said in meetings to be closer to the carefully worded minutes; this would be consistent with a changing transcript and unchanged minutes. For example, the theory in Meade and Stasavage (2008) predicts that under increased transparency, members would have the incentive to offer fewer dissenting views. Alternatively, they may feel compelled to prepare statements in advance in order to avoid misspeaking, because any error or less-than-intelligent remark would be reported to the public-Hansen et al.'s (2014) finding of increased discipline supports this idea. One possible effect could be on what FOMC members were willing to say in meetings, given the fact that they knew that their individual words and opinions would be published. For example, as documented and confirmed by Schonhardt-Bailey (2013), before 1976 and after 1993, members were far more likely to essentially read off their prepared remarks.
The Measurement of Conformity
This paper's approach to studying the discussion dynamics of FOMC meetings is to use the text of the transcripts themselves, not as single entities but, rather, as accounts of discussion that can be broken apart by member. Breaking the transcript up into member documents, each of which holds the content of one member's utterances at that meeting, allows for a comparison of this member document to the words of all other members at the meeting.
37 In other words, each comparison is between what member j said and what everyone else said. In this context, the similarities are taken as showing the extent to which FOMC members "agreed" with other FOMC members at each meeting. With this, a measure of the amount of conformity, or differences in opinion and discussion topics present in the Board Room, can be achieved. Specifically, to measure conformity, the standard deviation of these agreement measures is taken for each meeting; this gives a measure of the willingness to deviate from the average level of agreement.
38
Formally, for each meeting at time t, the transcripts are separated by voting member.
37 Only voting members are included in this analysis-that is, the portions of the transcripts spoken by non voting participants are excluded.
38 The term agreement is used here in a general sense. It is, literally, how similar the words of one person are to those of a group. If these entities are each speaking about completely orthogonal topics, then they are said to be out of agreement. It is also hoped that if these entities are discussing the same topic but have different opinions about them, their words will be different and, therefore, they will also be said to be out of agreement.
For p meeting members, if a transcript
39 T t is given by T t = m 1t + m 2t + · · · + m pt , where each m jt are the words of FOMC voting member j, then for each member j, a new document, m (−j)t , can be created such that m (−j)t = T t − m jt . The variable
can then be computed in order to measure the extent to which that member was in agreement with the others present at the meeting. 40 The variables MeanSim t and SDsim t represent the mean and standard deviation of MembSim jt , respectively, at meeting t. Again, the latter comprises the measure of conformity.
The corpus for this analysis consists of all the member documents, m jt , and all of the excluded member documents, m (−j)t , for all meetings held in Washington, D.C., after March 1976 and all voting members. For the 276 meetings, this results in 6128 documents total, half of which are member documents m jt . The average number of voting members per meeting is 11.1. 41 The choice of k for the SVD rank reduction is, again, 200; see appendix A.3 for discussion of this choice. Table 4 show the values of the MembSim jt , which are the previously defined values that compose this paper's measure of conformity, SDsim t , where t = October 6, 1986. At this meeting, 12 voting members were present. Of course, the numbers in table 4 are relatively high, given that a cosine similarity of 1 signifies identical documents. However, these figures have a sufficient range and variance in their distribution to allow for a study of their behavior over time.
How has Conformity Evolved?
The results from section 3.2 showed that the transition from "transcriptless" (closed) meetings to recorded and published (open) meetings resulted in some change in the content of FOMC transcripts. The primary finding here is that one change took the form of a 39 Again, only the portions of the transcript spoken by voting members. 40 More precisely, by "in agreement," I mean how similar a members words were to those of the other members.
The only assumption that underlies this methodology is that FOMC meetings consist of dialogue and discussion. For if each person came to the meeting solely to "say their piece," and that "piece" was unrelated to every other member's "piece," then these similarity measures would also be low. If each member is essentially discussing the same topics as the rest of the members with varying degrees of agreement, then this measure of conformity is satisfactory, as any differences would come from the varying degrees of agreement.
41 This average is less than 12 for two reasons: absenteeism and silence. While there are 12 voting positions on the FOMC, there were often meetings where either a spot had not been filled yet, or the person was simply absent. There are also a couple of cases in which a member did not speak for the entire meeting: during the August and September meetings in 1978, the record indicates that Governor David Lilly was silent. This is the only case of this occurring in the data. Figure 5 gives four visual representations of MembSim jt for each member j and meeting t. Before any statistical analysis of this variable is made, however, there are a few observations that will certainly help guide the thinking behind the statistical/econometric tests. Panel [A] shows all the memberlevel observations over time, and the second panel ([B] ) plots a seven meeting moving average of the range and mean of MembSim jt of each meeting t. Looking at these in conjunction, a visual test suggests that there was a narrowing of the distribution as time progressed; in particular, it appears that there were fewer members who expressed views that conflicted with the rest of the Committee. Statements that were in disagreement would presumably be those below the mean level of agreement, and the increasing minimum shown in Panel [B] confirms that there have been fewer disagreeing views expressed over time.
Panel [C] plots the standard deviation of member disagreement levels for each meeting over time; this is perhaps the best summary measurement of conformity at each meeting, as it, tautologically, gives a measurement for the variance in how much members agreed at each meeting. In other words, it gives a measure of how far members were willing to stray from the mean level of agreement-their aversion to conformity. The standard deviation is also helpful to consider at this stage given that changes in the mean level of agreement/disagreement are not obvious in the graphs, while the standard deviation changes are notable and easy to pinpoint. First, there is a large drop after Chairman Volcker left the Fed, consistent with the commonly held view that "Alan Greenspan's quiet authority was rarely challenged during his 18-year rule. His predecessor, Paul Volcker, clashed with governors appointed by President Ronald Reagan" (Hilsenrath, 2013) . A similar, but smaller, drop in standard deviation and increase in mean member-disagreement is also seen when Chairman Bernanke came into office, although this is not given much attention because there are only two in-sample years of data. Another, less striking change in the data, which is more relevant to the changes shows its kernel density estimate during Greenspan's term before and after November 1993.
that took place in the early to mid-'90s, is the drop in standard deviation after 1993. This suggests that once members were aware that their words might-and, eventually, wouldbe made public, the discussion within the Board Room became significantly less varied. This decrease in variance is indicative of the change predicted by theory when meetings are made essentially open to the public (see Hansen et al. (2014) , Meade and Stasavage (2008) , and Woolley and Gardner (2009) for theory and other results); for example, if a member's words are consistently out of line or contradictory with the FOMC's general discussion, that member might worry that her reputation with the public will suffer-she would be the oddmember out. 42 Finally, panel [D] presents two kernel density estimates of this data under Chairman Greenspan's leadership-one before 1993 and one after. Note that the pre-1993 group had a lower mean, slightly wider distribution, and much longer left tail. MeanSim Recall that the mean similarity at each meeting is a summary statistic for the general level of agreement at the meeting. In order to find whether the 1993 episode had any effect on agreement at meeting t, the following equation is estimated:
where, again, the independent variables are the same as in Equation (3). The results are given in columns (1) and (2) Unfortunately, it is difficult to say how a difference of 1.8 in cosine similarity translates into meaning, especially compared to the relatively high mean cosine similarity of 80. It is likely that because FOMC members generally discuss the same topics it is difficult for the LSA algorithm to make much of a distinction.
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SDsim Regressions (3) and (4) in table 5 study the SDsim variable using the same independent variables as in equation (7) and also find significantly (p < 0.001) negative effects from the move toward open meetings in 1993, even when controlling for the Chair, secretary, and macroeconomic conditions. The average of the coefficients on the post-'93 variable in (3) and (4) is 1.88 cosine similarity points, which, given the small mean of that variable (about 9), suggests a bigger change than was apparent in the the MeanSim regressions. Whereas the mean similarity measured the average level of agreement/disagreement, the standard deviation by definition measures how far away members were willing to depart from this mean level of agreement. Furthermore, that the difference between the maximum and mean similarity stayed relatively constant over the period while the minimum-mean difference noticeably shrank suggests that the lower standard deviation is due primarily to decreased disagreement (where disagreement is similarity below the mean, and agreement above)-see panel [B] in figure 5 . Thus, the results are consistent with the theory mentioned above; namely, that openness reduces the willingness to offer disharmonious opinions. In the case of the 1993 event, the discussion "dampened" by this measure by roughly 20 percent.
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Equivalently, conformity increased to the same degree. This is consistent with the results 44 Broadly speaking, of course, but the expectation is that members discuss issues related to the economy, which makes up a relatively small subspace of all discussable objects.
45 This is a rough ratio of Standard errors in parentheses The row X t indicates whether M-macroeconomic Greenbook forecasts--are included as controls.
The dependent variable (a cosine similarity) has been multiplied by 100 so that it lies between −100 and 100.) * p < 0.05, * * p < 0.01, * * * p < 0.001
found by Woolley and Gardner (2009) ; figure 6 plots their measure of transparency with SDsim-the measures have a correlation coefficient ρ = 0.79.
Member-Level Agreement and Debate
The regressions estimated in table 6 study the member-level responses to the variables mentioned above and a few additional controls. This is a less crucial aspect of the analysis of this section, but it serves to tie the data to results found in other studies. Specifically, for member j at meeting t,
where IsChair jt and BankPres jt are dummy variables that indicate whether the member j has the title of Chair or Reserve Bank president during the meeting t, and I Chair t is a matrix of indicators for the sitting Chair. The estimates show that after 1993, members were more likely to express opinions that were similar to those of the other members. Again, the relevant coefficient, θ 1 ≈ 3, is small relative to the mean but suggests that there was at least some change after members could feel the impending move toward open (with a lag) meetings. Without having a feeling for what a "3 cosine similarity change" means for a discussion, though, especially in a room devoted to discussing a narrow set of topics, it is difficult to know how tangible this difference was. Anecdotal evidence, primarily member accounts, suggests that the change was in fact noticeable; members tended to read their remarks more often in meetings.
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Next, the coefficients δ i on the member characteristic variables (IsChairman and IsBankPres) are both in line with the literature that suggests that Reserve Bank presidents tend to dissent more by voting measures. Here, presidents are more likely to present differing opinions than the rest of the group; this is consistent with the general observation that Reserve Bank presidents tend to be the more outspoken members of the Board (Chappell et al., 2005) . Chairs, on the other hand, are less likely to offer dissenting opinions, and Governors (omitted) are in between. That these coefficients are highly significant and of the same magnitude in both specifications suggests that these are important factors in understanding discussion dynamics.
Finally, notice the Chair indicator variables-that is, those that describe who the Chair is at the time of the meeting (notice that Burns is the omitted former Chair for this sample). From these results, it appears that the Chair has played an increasingly important role in the dynamics of FOMC discussion over time. Most notable is Bernanke's effect; at 8 cosinesimilarity points, it is the largest effect seen in regression (1). It is again indicative of the collegial style for which he was well known. Of course, such an interpretation is something of a best guess given the general descriptions of his leadership style; it could be that he was so dictatorial that everyone chose to agree with him. However, equally likely is that the discussion was dampened, narrowed, or more tightly focused. Regardless, Chair effects are significant and should certainly be kept in mind when considering ways to affect FOMC transparency and discussion.
Conclusion
The analysis presented in this paper has made only a small dent in showing what NLP techniques have to offer to the study of empirical questions in economics. Text offers an alternative perspective from which to approach problems; because text is generally prepared by a human being, the choices made in composing the text, both in content and style, reflect the preferences and mindset of the author(s). For FOMC documents, this quality offers new insights into the decision making process of the institution that has always been associated with a bit of mystique.
After descriptions of previous studies and the general methodology, the main results 46 See Schonhardt-Bailey (2013) for more discussion on this point.
of the paper were given in sections 3.2, 3.3, and 4. First, the passing of the HumphreyHawkins Act (1978) coincided exactly with a large increase in procedural transparency, as measured by the cosine similarity between the minutes and transcripts of each meeting. The textual evidence also shows that this change was primarily driven by the minutes. Historical evidence suggests that the requirement that the Fed report how its objectives are related to the short-term goals of the President and Congress, and the increase in public scrutiny of the Fed, caused the FOMC to more transparently report the content of its meetings while making few adjustments to the content of those meetings. In this sense, the transparency increase was relatively uncontaminated by some of the problems that accompanied the 1993 change.
The next major finding is that the 1993-1995 move from completely private meetings to semi public (with a lag) meetings also increased transparency-a shift that was driven by changing transcripts. Of course, LSA cannot say why or exactly how this change occurred. Given the complexity of these documents, it is difficult to pinpoint what specifically changed about the post-1993 transcripts, so historical accounts again served as a guide. FOMC members expressed concern about potential "chilling" effects-as one bank president 47 put it-of open meetings, suggesting that deliberation-specifically, conformity-may have been affected. Using the similarity of each member's words with those of everyone else at each meeting to get a sense of the level of agreement, the evidence suggests that there was a substantial degree of "dampening" in deliberations after 1993. The deliberation case is particularly relevant today because it suggests how the FOMC might respond to increased procedural transparency. In addition to the historical results about FOMC responses to calls for transparency and corroborating evidence for previous studies of the effect of "openness" on deliberation, this paper has made two contributions. The first, from a methodological standpoint, is the introduction of dimension-reduction-based textual analysis to the economics literaturea procedure that takes advantage of an abundance of NLP research. The second is the refinement of the meaning of FOMC "transparency" beyond a binary notion, coupled with a new measurement for procedural transparency.
Given the richness of the documents released by the FOMC, there is no shortage of avenues for future research. The transcripts, for example, lend themselves to studies of the discussions behind monetary policy decisions-that is, the topics that have been discussed over the years. The more timely documents, such as the minutes and statements, can be exploited further to measure how the public reacts to the words released by the FOMC. These ideas, and many more, can benefit hugely from the application of natural language 47 See the quote from Meade and Stasavage (2008) in the introduction.
processing to FOMC documents, since the analyses of these documents can be more rapid, accurate, and objective than ever before.
A Appendix
A.1 Transcripts, Minutes, ROPAs, MOAs, and MODs: The History of FOMC Communications
Understanding the logistical aspects of procedural transparency-which documents are released and when-is a necessary step in the assessment of procedural transparency in the "quality" sense. Since the inception of the modern-day FOMC, it has always communicated in some way the content of its meetings. Table 7 lists the various FOMC publications since 1935, along with their release lags.
49 While the nomenclature of the various documents has undergone several changes over the past 80 years, there have, in general, been two types of documents: detailed accounts of FOMC meetings and summaries. In general, the latter were more readily available to the public. Most of the changes in FOMC communications have occurred alongside calls for transparency, and they have formally come from Congressional pressure, legislation, and litigation. The exogeneity of these external pressures permits the study of how the FOMC's procedural transparency responds to these calls. This section provides an overview of the logistical aspects of these responses.
The first significant step toward greater procedural transparency-in the sense of timeliness-came in response to the 1967 Freedom of Information Act (FOIA). Beginning with the April 1967 meeting, the Record of Policy Actions-a summary of the Committee's policy actions and rationales-would be published after a 90-day lag (Danker and Luecke, 2005) . And, for the first time, a transcript-like document-the Memorandum of Discussionwas to be released with a five-year lag. This set a precedent for publishing long accounts of FOMC meetings, but because the MOD was a heavily edited account, the 1967-1976 period is not included in the measurement of transparency reported below, for reasons elaborated upon in section 3.2.1.
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The 1976 MODs were the last published by the FOMC; after five years of fighting a 48 Adapted from Danker and Luecke (2005) . 49 Statements, press conferences, and other releases are omitted, since the focus here is on documents whose primary purpose is to convey the meeting discussion.
50 Though the similarity of minutes and MODs is shown above, this section of the time series should not be taken as measuring procedural transparency, due to the heavily edited nature of the MODs.
claimed FOIA violation, the Committee decided in 1981 to discontinue the MOD, 51 largely at the request of Chairman Burns (Lindsey, 2003) . At this point, the Committee decided to release an expanded ROPA shortly after each subsequent meeting; effectively, a 30-day lag. At the time, the reason cited for the discontinuation of the MOD was that "the benefits derived from them did not justify their relatively high costs, particularly in light of the changes made in the [ROPA]" (ROPA, 1993, 05/18/76) . However, the more accurate reason seems to be " 'fear that Congress would request access' [to the MOD] promptly" (Lindsey, 2003, p. 8) and, as an FOMC subcommittee indicated, "concern about the ability to conduct monetary policy, if the court required prompt release of the memoranda of discussion" (Meltzer, 2010, p. 976) . The discontinuation of the MOD started a nearly 20-year period in which the FOMC published no detailed account of its meetings. Most FOMC members were aware that meetings were recorded, but they also believed that these tapes, used only for the production of minutes by Board staff, were recorded over after each meeting.
Contrary to what most members believed, Congressional inquiries (primarily headed by Congressman Henry González) and internal Fed investigations revealed that, in fact, these tapes had been maintained since 1976. In November 1993, the Committee agreed to publish all of the transcripts since 1976; by 1995 the decision was made to reinstate the publication of meeting transcripts after a five-year lag. In addition, the ROPA and MOA were now combined to form the "minutes." In 2005, these minutes began to be released with a three-week lag.
All post-1967 ROPAs, MOAs, MODs, minutes and transcripts were downloaded from http://federalreserve.gov, either in PDF format or plain text. Documents in PDF format were converted to plain text using optical character recognition (OCR) software. After procedural information was removed, documents were converted to numerical data using the Matlab ® toolbox Text Matrix Generator (Zeimpekis and Gallopoulos, 2006) .
51 See Goodfriend (1986) for a thorough account.
A.2 A Graphic Representation of Vector-Space Models
Suppose that there are three documents-x, y and z-in a corpus C:
The size of the vocabulary set, V = {unemployment, inflation}, is two. Note that, at a glance, documents y and z seem relatively similar in word usage, whereas x and z seem to be the most dissimilar in this regard. Once a corpus' vocabulary set is created, the next step is to create a term x document matrix-that is, a matrix with |C| 52 columns and |V| rows. The entries in the matrix are the number of times that word i appears in document j.
An objectionable yet necessary part of vector-space models is that syntactical elements such as capitalization, punctuation, and, most notably, the order of words are ignored. For this example, the matrix is given by x y z Unemployment 1 3 3 Inflation 3 1 0 .
Hence, the "vector-space" terminology: each column of the matrix (a vector) corresponds to a document-this is the document's vector-space representation. For these documents, consider figure 7, in which each document's vector has been plotted in inflation-unemployment word count space. In this representation, it is clear that y and z look "closer together" than x and z do, corresponding to the earlier claim about the relative similarities of x, y, and z. In order to quantify this similarity while controlling for the relative magnitude (length) of each vector, the angles, θ i , that lie between each of the documents can be measured. For this example, sim(z, y) = cos(θ 1 ) = 0.95 and sim(x, z) = cos(θ 2 ) = 0.32, again confirming the intuitions about the relative similarity of these documents. right of the graph, notice that the data initially lies in 780 dimensions, one for each minutes and one for each transcript for each of the 390 meetings, and the inclusion of all 780 dimensions accounts for all of the variation in the data. The LSA literature has not conclusively determined the "optimal number" of dimensions to retain, although generally a few hundred dimensions are chosen. 53 For this sample, "a few hundred" seems to be a good choice, especially given the relatively sharp drop in singular value significance around the 400th dimension and the stabilization of the singular values between 100 and 300. By the 390th dimension, just under 90% of the variance in the original data has been retained.
A.3 Selection of k in the SVD
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This drop by itself is indicative of the structure of the documents; because there are 390 meetings in the sample, and because minutes and transcripts are, ideally, accounts of the same meetings, this corpus should lie in roughly 390-dimensional space. This space is not the "latent semantic space," it is simply a reflection of the fact that there were 390 meetings. Entering the "latent semantic space," then, requires retaining fewer than 390 dimensions.
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Thus, the first k = 200 dimensions are retained; the noisiest 580 dimensions have been discarded when recomposing the dimension-reduced, C k , matrix. Despite the elimination of so 53 According to (Landauer et al., 1998, p. 269) , "the number of dimensions retained in LSA is an empirical issue."
54 See footnote 25 to see how this is calculated. 55 The use of "should" and "required," and the discussion in general, is not so much a scientific result, but more of a philosophical or linguistic approach that assumes the existence of such semantic spaces and noise in natural language. many dimensions, the remaining dimensions account for 64 percent of the variance in the data. Each additional dimension accounts for less than 1 /10 percent of the variance. Figure 9 visually portrays the singular values (SVs) of the "member corpus" used for the computation of the conformity measure. Similar to the findings for the previous corpus, there is a noticeable drop in SV sizes at around 276; this again confirms that the documents are all accounts of the same 276 meetings. Thus, in order to eliminate the noise created by separating transcripts into m jt and m (−j)t , no more than 276 factors should be retained; at this point, 55% of variance in the data has been explained. In order to enter the latent semantic space, then, 200 factors are retained. The right-hand-side graph confirms the decreasing explanatory power of the factors after the "kink" at 276. The choice of 200 is in line with the "few hundred" factors that are typically retained; further, the singular values have largely stabilized by this point, and 46% of the variance has been explained. Notice that after 3064, the singular values are zero; since the rank of C is half of the total number of documents.
Application to the Conformity Corpus
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56 To be precise, calling the SVs past 3064 "singular values" is incorrect because the number of SVs can be no greater than rank of the matrix. The use of this term serves to ingrain the concept of a singular value and rank. To see why the statement about the rank of C is true, notice that any member document m j can be written as m j = m o + m (−o) − m (−j) for some other member document, m o , in the same meeting; but this violates the definition of linear independence and thus lowers the rank of the matrix. Eliminating all member documents m j while leaving m (−j) would leave a full rank matrix that had half as many documents as the original; therefore, the rank of the C matrix is half the number of documents, or 3064. This includes the monetary policy strategy and an account of policy deliberations, typically through minutes and voting records. 4. Policy Transparency means a prompt announcement and explanation of policy decisions, and an indication of likely future policy actions in the form of a policy inclination. 5. Operational Transparency concerns the implementation of monetary policy actions, including a discussion of control errors for the operating instrument and macroeconomic transmission disturbances. study of FOMC minutes and transcripts. It encompasses the procedure by which the accounts of FOMC decisions are released to the public via documents. What makes procedural transparency important is that increased procedural transparency presumably leads to increases in the other four types of transparency; it is the mechanism through which the other four are manifested. Specifically, as one of the broadest categories, it demands that the other forms be augmented; openly discussing how decisions are made requires an explanation-this would come in the form of, at the very least, greater political and economic transparency (that is, explicitly stating the data and objectives used). Of course, monetary policymakers are known for their carefully chosen words and strategic lack of specificity at times, but it would seem to be the case that procedural transparency is the channel through which the other, perhaps more economically important forms of transparency are augmented. For example, mandating that the Fed release the theoretical rule it uses to determine policy hinges on effective procedural transparency, though it is a form of economic, policy, and political transparency. At a more general level, there are a few reasons to believe that procedural transparency is worth studying. First, the public pays attention to the documents released by the Fed. Some anecdotal evidence here is a graph from Google Trends-a service from Google that 57 Geraats has written much about central bank transparency. See Geraats (2000) , where these terms were first defined, or Geraats (2007) for other examples. Figure 10: Results from the Google Trend queries "fed statement" and "fed minutes." The y-axis represents the frequency with which a given phrase is searched on Google, and is normalized so that the highest frequency is 100. Thus, this graph does not say how these search terms rank among all other terms, but it does give information about when the terms are searched. Dashed lines are included at FOMC meeting dates.
A.4 Stoplist
plots the "interest over time" of any term. The graph, shown in figure 10, shows how popular "fed statement" and "fed minutes" were over a 22-month period between 2013 and 2014. As expected, peaks in interest in the terms is in one-to-one correspondence with FOMC meetings; the three-week lagged release of minutes is also clearly noticeable. So, at the very least, there appears to be public interest in the content of FOMC documents. Next, while not typically on the FOMC agenda, discussions about its document releases have occurred numerous times in the Board Room. These are meaningful discussions, going beyond the procedural and suggesting that, at a minimum, the FOMC believes that the public cares about its discussions. The following quote from former Vice Chairman Blinder supports this claim:
Mr. Blinder. I believe...that we now have a situation where the people that speak the least about the Fed's decisions are those at the Fed, and we are interpreted voluminously. There is nothing wrong with that. We will still be interpreted voluminously even if we say things. But our statement is a chance for us to say what we are up to and why. (Transcripts, 2008 (Transcripts, , 01/31/1995 Further, more comprehensive evidence shows that the FOMC was indeed discussing issues of procedural transparency in its meetings. Figure 11 uses the text-analysis techniques described below to infer the extent to which topics of procedural transparency were discussed at each FOMC meeting. This is measured by comparing a query of procedural-transparencyrelated words (transcripts, meetings, statement, etc.) to the transcripts of each meeting. In order to determine the relevance of a query to each transcript, the cosine similarity of that query is taken against each of the transcripts in the low-dimension space-this was the Figure 11 : Similarity of the query with the content of each FOMC meeting. The "cosine similarity" says how similar the query is to each document, which in turn describes how much the ideas in the query were discussed in the meetings.
original motivation behind the development of LSA. If the C matrix C ∈ R t×d , then the query vector q ∈ R t has components that are mostly 0's except for the terms used in the query. Mapping the query q into its lower-dimensional space representation, q k , is done by letting q k = Σ −1 k U T q; at this point, it now has the "estimated" term values discussed above-this process is called "folding in." 58 The cosine similarity is then computed against the other documents in the matrix Σ k V T , which is equivalent to computing the similarities in the reconstructed C k matrix. When interpreting figure 11, recall that when the similarity is around 0, this query is irrelevant to the meeting proceedings (it is orthogonal). Therefore, positive or negative deviations suggest a query whose presence is noticeable in the discussion. It is clear that topics of procedural transparency have, at times, accounted for significant portions of the discussion at FOMC meetings; without smoothing, some of the similarity measures are over 0.2. Furthermore, the discussion coincides with procedural changes in policy-1976 marked the temporary end of transcript publication, and topics of procedural transparency persisted for a few years after that change. Since the early '90s, changes in publication policy have been relatively frequent-in 1993, old transcripts were released; in 1995, new transcripts began to be released; and in 2005, minutes were released with shorter lags. Most of these changes are visible on the graph, indicating that a significant amount of discussion was behind each decision.
In summary, this evidence supports the claim that studying procedural transparency is worthwhile. Both the public and the FOMC pay careful attention to these documents, so 58 Setting q k = Σ −1 k U T q is equivalent to taking the familiar least-square approximation of q in k-space:
k U T q, where the leading V T can be eliminated when taking cosine similarities because the inner product is invariant under multiplication by an orthonormal matrix.
understanding how and why this type of transparency changes is certainly meaningful.
A.6 Summary Document Robustness
As a robustness check to using a summary document to study the behavior of the transcripts (and, analogously, minutes) over time, comparisons were made between all transcripts and the first transcript in the sample. The same was done with the last transcript. In both cases, there was relatively high, but falling, similarity between transcripts within two years; two years away, the similarities became relatively stable at low levels, while continuing to decline as time passed which plot the similarity of the documents with the first and last documents of the sample period, the lines are downward-sloping with respect to the reference document; this was the prediction made about comparing documents pairwise to a single document-namely, that the similarities would decrease as documents became more distant in time from the reference document (first or last). Average of similarities between the relevant document (that is, the first transcripts) and all other documents of that type (that is, all transcripts). Table 9 gives a summary of the average similarity measures over time for each of the document types considered for this analysis (first, last, and summary); as predicted, the highest similarities are found when comparing minutes/transcripts to the summary documents.
